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ABSTRACT. lu Small animal veterinary practices, body condition score (BCS) is generally used to diagnose obesity. However, BCS does 
not constitute objective data. In this study, we investigated the value of using human body fat analysis software for male dogs. We also 
compared changes in body fat after neutering. Changes in body fat at the time of neutering (age 1 year) and 1 year later were compared 
by performing CT scanning and using human body fat analysis software. We found that body fat increased in all the individuals tested. In 
terms of the site of fat accumulation, subcutaneous fat was more pronounced than visceral fat with a marked increase on the dorsal side of 
the abdomen rather than the thorax. 
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Obesity is defined as the excess accumulation of body 
fat. It is associated with metabolic problems and directly or 
indirectly causes a range of endocrine disturbances [25]. In 
the veterinary field, because obesity is intimately related to 
the development of type 2 diabetes, hypertension, hyperlip- 
idemia and heart disease, it is regarded as one of the most 
important issues (risk factors) for health management [8, 
23]. Similar to humans, dogs and cats become obese when 
their calorie intake exceeds their calorie consumption, and 
obese dogs and cats are reported to have shorter lifespans 
and a higher incidence of metabolic disorders [25]. 

In a large clinical study carried out 1 1 veterinary institu- 
tions in the United Kingdom, 21.4% of dogs were judged 
to be obese, and 2.9% were judged to be grossly obese. 
Therefore, a total of 24% of 8,268 dogs were found to have 
exceeded a healthy body weight based on their appearance 
[6]. In another large-scale study in the United States, data 
on about 23,000 dogs gathered from 60 animal hospitals 
showed that 25% either exceeded a healthy body weight or 
were judged obese on the basis of their appearance [4]. The 
U.K. clinical study found that of over 2,000 cats examined 
by veterinarians, 25% were either overweight or obese [21]. 
These study results thus show that around one -quarter of the 
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dogs and cats seen by veterinarians in small-animal practices 
are either overweight or visibly obese [4, 6, 21]. 

Neutering via surgical removal of the testes or ovaries in 
dogs and cats is known empirically to increase the risk of 
obesity [7, II, 18]. It has been found that if dogs and cats 
exceed their ideal body weight by 15%, the harmful physi- 
cal effects associated with obesity, including heart disease, 
exacerbation of joint disease and diabetes, become apparent 
[4, 18]. 

Diagnosis of obesity in dogs is difficult due to the great 
differences in body type according to breed, age and sex. 
In clinical practice, body condition score (BCS) and muscle 
condition score (MCS) are commonly used to determine the 
degree of obesity. BCS evaluation is a method of assessing 
body fat that mainly consists of palpation of subcutaneous 
fat in the thoracic region and evaluation of the degree of 
obesity on a 5-point or 9-point scale. MCS evaluation is a 
procedure that comprises visual inspection together with 
palpation of the temporal bone, scapula, lumbar spine and 
pelvis [2]. Loss of muscle mass has a negative effect on body 
strength and immune function and has also been reported 
to affect mortality in humans [10, 15]. Determination of 
MCS in dogs is currently at the development and validation 
stage. However, determination of the degree of obesity by 
BCS and MCS methods is affected by the experience and 
subjectivity of the person making the measurements, and it 
may not always constitute objective data. BCS is also deter- 
mined on the basis of palpation and visual inspection, and it 
is therefore difficult to determine whether visceral fat, which 
is suggested to be a problem in humans, is present. 

In scientific studies, methods used for measuring dog body 
type have included magnetic resonance imaging (MRI), 
computed tomography (CT), ultrasound imaging, body wa- 
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Table 1. 


Profiles of the dogs 








Breed 


Sex 


Weight (kg) 


Case 1 


Airedale terrier 


Male 


20.5 


Case 2 


Welsh corgi 


Male 


10.4 


Case 3 


miniature dachshund 


Male 


7.3 



Table 2. Comparison of amounts of fat and body fat ratios before and after neutering on CT 



Case 1 Case 2 Case 3 







Before 


After 


Before 


After 


Before 


After 




T6 


14.6 


25.0 


9.8 


30.4 


15.9 


35.0 




T9 


11.8 


30.7 


11.0 


31.1 


15.3 


38.0 


Subcutaneous fat (cm^) 


T12 


8.5 


29.8 


10.4 


28.5 


12.5 


34.8 




L3 


17.1 


42.2 


15.2 


41.5 


9.2 


31.4 




L5 


22.2 


36.4 


19.2 


39.9 


11.0 


33.2 




T6 


4.6 


5.8 


4.7 


5.0 


3.5 


4.1 




T9 


5.1 


4.7 


4.9 


4.8 


3.6 


6.8 


Visceral fat (cm"^) 


T12 


14.3 


7.0 


4.2 


15.8 


7.5 


9.0 




L3 


9.5 


19.5 


13.4 


30.6 


17.2 


24.8 




L5 


5.3 


10.0 


10.0 


7.3 


9.7 


18.6 




T6 


19,2 


30.8 


14.5 


35.4 


19.4 


39.1 




19 


16.9 


35.4 


15.9 


35.9 


18.9 


44.8 


Body fat (cm^) 


T12 


22.8 


36.8 


14.6 


44.3 


20.0 


43.8 




L3 


26.6 


61.7 


28.6 


72.1 


26.4 


56.2 




L5 


27.5 


46.4 


29.2 


47.2 


20.7 


51.8 




T6 


24.0 


18.8 


32.4 


14.1 


18.0 


10.5 




19 


30.2 


13.3 


30.8 


13.4 


19.0 


15.2 


Visceral fat ratio (%) 


T12 


62.7 


19.0 


28.8 


35.7 


37.5 


20.5 




L3 


35.7 


31.6 


46.9 


42.4 


65.2 


44.1 




L5 


19.3 


21.6 


34.2 


15.5 


46.9 


35.9 


Body weight (kg) 




20.5 


20.6 


10.4 


11.3 


7.3 


8.6 


Body fat ratio (%)* 




19.0 


21.0 


21.7 


24.1 


19.0 


30.2 



*Values measured by the DOD method. 



ter concentration graphs, body water volume measured by 
isotope dilution, total body potassium, bioelectrical imped- 
ance and dual-energy X-ray absorptiometry (DEXA) [14]. 

In human health care, CT is generally used to measure 
body fat and body fat ratio, and its value has been estab- 
lished [13, 24]. In many human hospitals, body fat analyzing 
software for CT is used during health checkups for metabolic 
syndrome. In the veterinary clinical field, however, CT is not 
currently used to measure body fat. No special software for 
utilizing CT data to measure body fat in dogs has therefore 
been developed to date. In this study, we investigated the 
value of using human body fat analysis software for dogs. At 
the same time, we also focused on the increase in body fat 
in male dogs after neutering and compared changes in body 
fat at the time of neutering (age 1 year) and 1 year later by 
performing CT scanning and using human body fat analysis 
software. 

Animals: The subjects were 3 dogs reared in regular 
households whose owners requested that they be neutered. 
Their breeds were miniature dachshund, Welsh corgi and 
Airedale terrier. All dogs exhibited no abnormal results on 



regular physical examination, biochemical blood tests and 
complete blood count testing. All the profiles of the dogs 
used in this study are shown in Table 1 . 

All test animals underwent CT scanning and neutering at 
1 year of age. They also underwent a further CT scan 1 year 
after surgery. They were fed 2 types of dog food during the 
experimental period: Science Diet (377 kcal/100 g; Hills- 
Colgate (Japan) Ltd., Tokyo, Japan) or lAMS for adult dogs 
(363 kcal/100 g; P&G Japan, Kobe, Japan). The amount of 
food given was determined by deriving the dogs' resting 
energy requirement (RER) from their body weight (BW) 
(RER=70BW-"^) and calculating their energy requirements 
according to the amount of exercise and living environment 
(1 .6-2.0 RER). The amount of food given to each test animal 
was fixed during the experimental period. 

Anesthetic management: A catheter was placed in the 
cephalic vein via a 22-24G carmula in preparation for an- 
esthesia, and a SURFLO plug (Terumo, Tokyo, Japan) was 
attached. As premedication, after subcutaneous administra- 
tion of atropine sulfate (0.025 mg/kg), midazolam hydro- 
chloride (0.1-0.2 mg/kg) and butorphanol tartrate (0.1-0.2 
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T6 



y= 1.8462X- 15.155 
r = 0.78 



Body fat ratio measured by DOD (%) 



= 2. 1422X- 17.832 
r = 0.70 
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L3 



= 2.7689X - 17.043 
r = 0.57 



Body fat ratio measured by DOD (%) 



y = 2.3712X - 16.22 
r = 0.78 



19 21 23 25 27 

Body fat ratio measured by DOD (%) 



Fig. 1 . Correlation between fat area and body fat content. Fat area 
was measured by CT using tlie attenuation range of -190/-30HU 
at T6, T9, T12, L3 and L5 and compared with tlie body fat ratio 
measured by ttie DOD method. 



mg/kg) were administered intravenously. After induction of 
anesthesia with intravenous propofol (4 mg/kg), dogs were 
intubated with an endotracheal tube, and anesthesia was 
maintained by inhalation of isoflurane (1.5%) and oxygen 
(2 //min). Respiratory management during anesthesia was 
carried out manually, and breath holding by dogs during CT 
scanning was obtained manually. 

The same anesthesia was used during neutering, and res- 
piration was managed by using an automatic artificial venti- 
lator for veterinary use (Compos (5-EV; Metran, Kawaguchi, 
Japan). 

CT imaging conditions: A 16-row multislice CT (Aquilion 
16; Toshiba Medical Systems, Otawara, Japan) was used for 
imaging. Imaging conditions included a tube voltage of 120 
kV, tube current of 200 mA and imaging slice thickness of 
1-2 mm. Test animals were held in the prone position during 



imaging. 

Image processing: Scanned images were reconstructed 
using the FCIO ORG reconstruction fianction on the CT 
scanner, after which they were exported into image process- 
ing software (AZE VirtualPlace Plus, AZE, Tokyo, Japan). 
Image data then underwent final analysis with human body 
fat analysis software (AZE VirtualPlace Lexus, AZE, Tokyo, 
Japan), and areas of fat were selected with the CT attenua- 
tion value set at -190/-30 HU for analysis. We found that, if 
the analysis settings were set automatically by standard de- 
viation, this software could not be used to obtain appropriate 
data from dogs. We therefore designated the CT attenuation 
range indicating areas of fat in humans to select areas of fat. 
The CT cross-sectional images evaluated in this study were 
selected from the past studies done [11]. We selected areas 
from the thoracic (T6, T9 and T12) and lumbar spines (L3 
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L5 




and L5). Changes in amounts of subcutaneous fat and the 
amount of fat in the abdominal cavity (or thoracic cavity) in 
each cross section were compared on CT images. 

The day before CT scanning was performed, body fat 
was measured using the deuterium oxide dilution (DOD) 
method. Deuterium oxide (heavy water, D2O) is a usefial 
label (tracer) because it is evenly distributed throughout 
body fluids, is not metabolized in vivo and can be measured 
safely. To measure D2O, which is always naturally present 
in blood, blood was sampled from the cephalic vein, and the 
serum was separated. D2O (0.2 g/kg) was then administered 
by subcutaneous injection. Two hr after administration of 
D2O, blood was again sampled from the cephalic vein, and 
serum separation was performed. The concentration of D2O 
was measured using a mass spectrometer (20-22 Isotope 



Ratio Mass Spectrometer; Sercon Limited, Cheshire, U.K.). 
Measurement was done according to Sons' method [17, 22]. 
Using the measured serum D2O concentration and body 
weight, percentage and amount of body fat were calculated 
using the equations below. 

Amount of body fluids in kg=body weight x 0.2/serum 
D2O density% x 10 

Fat-free mass kg=body fluid / 0.732 

Body fat percentage%=(body weight - fat-free mass) x 
100 / body weight 

Body fat in kg=body weight x body fat percentage 



Fig. 2. Comparison between before and after surgery using CT. CT with the attenuation range of -190/-30HU was used to measure the fat area 
at T6, T9, T12, L3 and L5 in Case 1. The red area indicates subcutaneous fat, and the blue area indicates visceral fat. 
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Table 3. Comparison of average amounts of fat and body fat ratios before and after neutering on CT 



Average 

Mest 

Before After 





T6 


13.4 


30.1 


** 




T9 


12.7 


33.3 


** 


Subcutaneous fat (cm-) 


T12 


10.5 


31.0 


** 




L3 


13.8 


38.4 


** 




L5 


17.5 


36.5 


** 




T6 


4.3 


5.0 


NS 




T9 


4.5 


5.4 


NS 


Visceral fat (cm^) 


T12 


8.7 


10.6 


NS 




L3 


13.4 


25.0 






L5 


8.3 


12.0 


NS 




T6 


17.7 


35.1 






T9 


17.2 


38.7 




Body fat (cm^) 


T12 


19.2 


41.6 






L3 


27.2 


63.4 


** 




L5 


25.8 


48.5 






T6 


24.3 


14.2 






T9 


26.2 


14.0 




Visceral fat ratio (%) 


T12 


45.3 


25.5 


NS 




L3 


49.3 


39.4 


NS 




L5 


32.2 


24.7 


NS 


Body weight (kg) 




12.7 


13.5 


NS 


Body fat ratio (%)* 




19.9 


25.1 


NS 


* Values measured by the DOD method. 


** /'<0 01 


' P<0.05. ns P>0.05. 





All dogs examined (3 heads) had increased body weights 
and body fat percentages at 1 year after castration (Table 2). 
As shown in Table 3, for measurements at cross sections T6, 
T9, T12, L3 and L5, significant increases in subcutaneous fat 
accumulation were identified (P<0.01). Also, measurement 
of the body fat percentage increase using the deuterium ox- 
ide dilution method and measurement of the body fat amount 
using CT were confirmed to have a mutual relationship (Fig. 
1). 

Visceral fat increased significantly only at the L3 cross 
section (P<0.05). At the T6 and T9 cross sections, the pro- 
portion of fat in the thoracic cavity, as a proportion of the 
total area of body fat (% visceral fat), decreased significantly 
(P<0.05). At the L3 and L5 cross sections, the proportion of 
fat in the abdominal cavity, as a proportion of the total area 
of body fat, decreased overall, but the difference was not 
significant. These results indicate that the rate of increase in 
the amount of subcutaneous fat was significantly higher than 
the rate of increase in the amount of fat in the abdominal and 
thoracic cavities (P<0.05). The rate of increase in subcutane- 
ous fat at 1 year after neutering was particularly high in the 
region of the T9, T12 and L3 cross sections at the junction of 
the thorax and abdomen (Tables 2 and 3). The accumulation 
of subcutaneous fat was particularly marked on the dorsal 
side when compared with the ventral side in abdominal cross 
sections L3 and L5 only (Fig. 2). 

In veterinary medicine, the amount of accumulated fat 
is known to increase after neutering. In livestock animals, 
such as cows and pigs, for example, castration is known to 



increase fat accumulation, resulting in softer meat [16]. In 
our study, we were able to prove that dogs do exhibit in- 
creased body fat after castration using CT and human body 
fat analysis software. CT image analysis also showed that 
localization of body fat accumulation has a specific pattern 
in dogs that differs from that in humans. In humans, fat 
normally accumulates subcutaneously and in the abdominal 
cavity due to obesity with accumulation of fat in the abdomi- 
nal cavity identified as a particular clinical issue [13, 14]. In 
this study, we found that fat accumulation due to obesity was 
most marked on the dorsal side of the abdomen in dogs (Fig. 
2). Abdominal CT cross-sectional images of all dogs showed 
that the greatest increase in fat accumulation occurred on the 
dorsal side of the abdomen when compared with the ventral 
side. 

As shown in Fig. 2, the peritoneal line, which lies on the 
dorsal side of the abdomen, is not as clearly visualized in 
dogs as in humans. Human body fat analysis software using 
CT images generally includes a function that automatically 
differentiates between fat in the abdominal cavity (visceral 
fat) and subcutaneous fat. The presence of the peritoneal line 
on the dorsal side of the abdomen is vital to this process. Due 
to the fact that the peritoneum on the dorsal side of the abdo- 
men is clearly visualized in humans and the fact that there 
is a muscle layer between the peritoneum and subcutaneous 
fat, the body fat analysis software is capable of automati- 
cally differentiating between subcutaneous and visceral fat. 
In dogs, however, the lack of a clear peritoneal line on the 
dorsal side made it difficult for the software to recognize and 



BODY COMPOSITION USING CT AND SOFTWARE 



445 



distinguish between subcutaneous and visceral fat automati- 
cally on the dorsal side of the abdomen [1, 5]. We therefore 
ended up manually depicting the peritoneal line on the dorsal 
side of the abdomen. But, as the number of cases we handle 
increases, we are looking forward to the development of 
canine software. 

In this study, visceral fat, which is regarded as a prob- 
lem in humans, increased very little when compared with 
subcutaneous fat in dogs at 1 year after neutering in all the 
cross sections. The ratio of visceral fat increased in all dogs 
in only one cross section, L3. When using CT to determine 
the degree of obesity in humans, judgments are made on the 
basis of the state of subcutaneous and visceral fat accumula- 
tion in abdominal cross sections of the umbilical region [24] . 
In dogs, the site of the umbilicus varies between different 
breeds, but generally, it is located around the neighborhood 
of the L3 cross section. The cross-sectional CT image at L3 
was therefore also used in this study to determine the amount 
of fat in the abdominal cavity. 

Other than BCS, no other criteria for determining the 
degree of obesity in dogs have yet been clearly laid out [2]. 
As the results of the present study suggested that determina- 
tion at the L3 cross section may be usefiil when using CT to 
determine the degree of obesity, accumulation of visceral fat 
at this site may provide one index for obesity determination. 

We found a high rate of increase in the accumulation of 
subcutaneous fat in the T9, TI2 and L3 cross-sectional fields. 
In everyday treatment, we primarily use BCS, which de- 
pends on visual examination and palpation, to determine the 
degree of obesity, and the results of the present study showed 
that palpation of the thorax above the ribs in the T9 and T 12 
regions may also provide usefiil information when assessing 
the BCS. We believe that, in addition to the thoracic region, 
the state of attachment of subcutaneous fat on the dorsal side 
of the L3 region should also be confirmed by palpation, and 
the BCS should be determined in a comprehensive manner. 

According to Ishioka et al. [II], setting dog-specific CT 
attenuation values rather than using human CT attenuation 
values enabled them to obtain a correlation between increases 
in body fat ratio measured by deuterium oxide dilution and 
CT images. In our study, we used the CT attenuation values 
generally used to determine the degree of obesity in humans 
(-I90/-30 HU). We were able to obtain full correspondence 
between the elevations of body fat percentage (Fig. I). This 
finding suggests that human body fat analysis software can 
also be used for dogs. 

CT scans are not generally used in veterinary medicine 
to determine the degree of obesity in dogs. The reasons for 
this include high imaging costs and the necessity of general 
anesthesia. In humans, CT, MRI and DEXA are all com- 
monly used to measure the body fat ratio when determin- 
ing the degree of obesity, and there is a strong correlation 
between their analytical results [13, 14]. The use of CT, MRI 
and DEXA in veterinary medicine has only been reported 
for cats [3]. 

When BCS is used to determine the degree of obesity, 
as is the common practice in veterinary clinical practice, 
there is no need for special equipment or general anesthesia. 



However, it has the disadvantage of being influenced by 
individual subjectivity and is lacking in objectivity. In our 
study, all the tested animals showed confirmed increases in 
visceral fat. However, we were unable to evaluate the change 
in relation to the change in BCS. In this experiment, we con- 
firmed that the increase in body fat in dogs is most marked 
on the dorsal side of the abdomen. Normally, palpation of the 
thoracic rib area is regarded as important for assessing BCS 
[2]. Our results in this study, however, showed that palpation 
of the dorsal side of the abdomen should also be emphasized 
as providing useful information. As the BCS is a method of 
determining the degree of obesity by palpating the body sur- 
face, its results are dependent on the amount of subcutaneous 
fat. The BCS does not therefore reflect tendencies in visceral 
fat. In humans, an increase in visceral fat is regarded as a 
factor that exacerbates lifestyle -related diseases; thus, atten- 
tion must be paid to the accumulation of visceral fat [23]. 
The dogs that were the subjects of this study were young (2 
years old at the end of the study), and the increase in visceral 
fat was not as marked as that of subcutaneous fat. However, 
there was a tendency for visceral fat to increase, particularly 
in the abdominal region, and it is likely that visceral fat also 
increases in dogs with advancing age. We believe that fiature 
studies of middle-aged and elderly dogs using CT and hu- 
man body fat analysis software may enable the relationship 
between visceral fat and lifestyle-related diseases in dogs to 
be better understood. 

In the present study, the body fat ratio was also measured 
by deuterium oxide dilution. This method showed a gradual 
increase in body fat ratio in each individual. When the de- 
gree of obesity was determined by BCS, the change was not 
sufficient to produce a change in BCS ranking. CT, however, 
easily enabled the marked increase in subcutaneous fat on 
the dorsal side of the abdomen to be determined. The in- 
crease in visceral fat in particular was a finding that could 
not have been identified without the use of CT. 

In this study, we neutered dogs at I year of age and com- 
pared the degree of obesity with that at I year later after 
surgery. According to a report of the Japanese Ministry of 
Health, Labour and Welfare, human obesity and accumu- 
lation of visceral fat are regarded as risk factors for the 
development of lifestyle -related diseases mainly in middle 
and old age [15, 19, 20]. Middle age for dogs is generally 
regarded to start at around age 7, although this varies with 
breed. Accumulation of visceral fat may also become more 
pronounced in dogs in middle and old age, but this has yet 
to be demonstrated. 

We herein proved that CT and human body fat analysis 
software are also useful in determining the degree of obesity 
in male dogs. 
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